Background {#Sec1}
==========

Bacteriuria is the presence and the growth of microorganisms in the urinary tract. The range of clinical effect varies from asymptomatic bacteriuria (ABU) to urinary tract infection (UTI) (cystitis or acute pyelonephritis) \[[@CR1]\]. UTI is a common health problem among women due to the anatomy of the urinary tract. Pregnancy increases the risk of recurrent bacteriuria and acute pyelonephritis due to the compression of ureters by gravid uterus causing stasis of urine flow. Hormonal and immunological changes in pregnancy are other contributing factors: high level of progesterone secretion which leads to stasis and decreases immunity. Physiological proteinuria and glycosuria promote microorganism growth in the urine of pregnant woman. \[[@CR1]--[@CR3]\].

Women with bacteriuria during pregnancy may be more likely to deliver pre-mature or low-birth-weight infants leading to increase neonatal mortality and morbidity \[[@CR1], [@CR3]\]. Without treatment, as many as 20 to 30% of pregnant women with ABU will develop a symptomatic urinary tract infection (cystitis and pyelonephritis) during pregnancy \[[@CR1], [@CR3], [@CR4]\]. Acute pyelonephritis has been associated with anemia, pre-eclampsia, sepsis and chronic renal disease \[[@CR5], [@CR6]\].

The prevalence of bacteriuria in pregnancy varies worldwide. Asymptomatic bacteriuria occurs in 2 to 7% of pregnant women \[[@CR1], [@CR2]\]. This prevalence can be up to 30% in studies conducted in developing countries \[[@CR7]--[@CR13]\]. Acute cystitis occurs in approximately 1 to 2% of pregnant women, and the estimated incidence of acute pyelonephritis during pregnancy is 0.5 to 2% \[[@CR2], [@CR5]\].

One of the risk factors for bacteriuria is age. In healthy women, the prevalence for bacteriuria increases with age from about 1% in females aged 5 to 14 years to more than 20% in women at least 80 years of age \[[@CR14]\]. Other risk factors for bacteriuria or UTI included the presence of genitourinary abnormalities (kidney, ureteral and bladder stones, tumors, urethral strictures, vesico-ureteric reflux) \[[@CR2]\]. In pregnant women, risk factors for UTI included anemia, sexual activity, lower socioeconomic classes and past history of UTI \[[@CR2], [@CR15]\]. Age, multiparity and gestational age are not identified as risk factors for UTI during pregnancy in some recent studies \[[@CR11], [@CR15], [@CR16]\].

To the best of our knowledge, there are few studies conducted on bacteriuria during pregnancy in Cameroon where urine culture is expensive. More over dipstick screening tests routinely used in pregnancy are focused mainly on the presence of glucose and protein in urine rather than indicators of bacteriuria. This means that, bacteriuria especially when asymptomatic is not considered as an essential part of antenatal care by many clinicians. Therefore, nothing is known regarding the epidemiology of bacteriuria in pregnant women in Douala Cameroon. This study therefore aimed to determine the prevalence of bacteriuria, associated risk factors and pathogens involved in pregnant women attending antenatal clinic of 3 Hospitals in Douala.

Methods {#Sec2}
=======

A cross-sectional study was conducted at general hospital, Cité des palmiers and Deido districts hospitals from January to April 2015. These hospitals are located in Douala which is the economic capital of Cameroon.

We consecutively recruited all pregnant women aged 18 years and above attending antenatal clinics at the selected health facilities. They should not have been on antibiotics for at least 72 h and consented voluntary to participate. Socio-demographic characteristics, medical and obstetrical past history, clinical signs and obstetric characteristics of the index pregnancy were collected using a structured questionnaire. Gestational age of the index pregnancy was calculated using an early ultrasound scan or the first day of the last menstrual period.

Urine collection and culture {#Sec3}
----------------------------

After completing the interview, women were given disposable sterile containers by the interviewer, and counselled on how to collect midstream random voided urine while respecting asepsis. Approximately 20 ml of urine were collected. The urine samples were transported to the laboratory of Douala General Hospital for processing, within 1 hour of collection. We did not have a method to preserve the urine. If not sent within that period, it was discarded and the patient asked to collect again. The samples were subjected to routine macroscopy examination, culture and microscopy examination by lab technicians and main investigator supervised by Doctors in clinical biology. Macroscopy examination consisted of description of the urine sample with naked eyes. Each sample was used for microscopy and culture examination. Direct microscopy involved examining urine for the presence of pus cells, red blood cells, parasites, casts and epithelial cells. Microscopic analysis was also done after staining of the sediment. Gram negative bacteria stained pink, while gram positive bacteria stained violet.

The culture was obtained by inoculation of 10 μl of non centrifuged urine on the Cystine Lysine Electrolyte Deficient (CLED) and Eosine Methylen Blue (EMB) medium. The media were then incubated at 37 °C for 24 h. Bacterial growth was categorized and interpreted on the basis of colony forming units (CFU) as follows: ≥ 105 CFU/ml was considered positive. Identification of pathogens was done using automatic colorimetric method in the VITEK2**™** (BioMérieux- France).

Data management and statistical analysis {#Sec4}
----------------------------------------

Data obtained from this study were entered into the Census and Survey Processing System 5 (CSPRO 5) and processed using the SPSS 18. Quantitative variables were presented in to the central tendency data (average) and their dispersion (standard deviation, minimum, maximum). Categorical variables were presented in numbers and or percentages. Odds ratios (OR) were calculated using the maximum likelihood estimation technique. Associations between variables and bacteriuria were conducted using the Chi squared test at the 95% significant level. Fisher exact probability was determined in the case of dichotomous variables. Associations with *p*-values \< 0.05 were considered statistically significant.

Variables tested for associated with bacteriuria were: age; marital status; education level; monthly income; the body mass index; number of sexual intercourse per week; gestational age; parity; Human Immunodeficiency Virus (HIV) status; history of urinary tract infection, abortion and premature delivery .

Ethical issues {#Sec5}
--------------

The institutional ethics committee of the research on health of the University of Douala gave ethical approval (reference number CEI-UD/139/02/2015/T) for the study and permission was obtained from Cité des Palmiers health district, Deido district Hospital and Douala general hospital.

Results {#Sec6}
=======

Single urine samples were collected from a total of 354 pregnant women. Of the 354 pregnant women tested, 35 had significant bacteriuria giving a prevalence of 9.9%.The prevalence of bacteriuria in women who were asymptomatic was 5.7%. Cystitis and pyelo-nephritis were observed in 3.6 and 0.6% respectively.

The most commonly isolated pathogen was *E. coli (*48.6%), followed by *Klebsiella pneumoniae* (14.3%). Other isolates were *Enterobacter cloacae* (11.4%) and *Staphylococcus aureus* (8.6%) as seen in Table [1](#Tab1){ref-type="table"}.Table 1Pathogens identified in pregnant women with bacteriuriaGermsNumberPercentage*Escherichia coli*1748.6*Klebsiella pneumoniae*514.3*Enterobacter cloacae*411.4*Staphylococcus aureus*38.6*Staphylococcus xylosus*25.7*Serratia odorifera*12.9*Enterobacter aerogenes*12.9*Proteus mirabilis*12.9*Streptococcus sp*12.9Total35100

The characteristics of the 354 pregnant women are found in Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"}. The mean age of the study participants was 28.18 ± 4.4 (range 18-42 years). They were mostly aged 23--32 years (67.2%), had attained secondary school (88.2%), were married (65.3%), didn't have personal income (55.6%), were nulliparus or primiparus (65%) and in the third trimester of pregnancy (41.8%).Table 2Association between socio-demographic factors and bacteriuria in pregnancycharacteristicsbacteriuriaOR (IC à 95%)ppositivenegativetotalAge 18--225(11.1)40(88. 9)45(12.7)1 23--2712(10.2)106(89.8)118(33.3)0.906 (0.3--2.734)0.86 28--3213(10.8)107(89.2)120(33.9)0.972 (0.326--2.901)0.95 33--373(5.4)53(94.6)56(15.8)0.453 (0.102--2.008)0.29 38--422(13.3)13(86.7)15(4.2)1.231 (0.213--7.12)0.81Marital status Single17(13.8)106(86.2)123(65.3) Married18(7.8)213(92.2)231(34.7)0.537 (0.252--1.145)0.11Education illiterate2(50)2(50)4(1.1)1 Primary3(7.9)35(92.1)38(10.7)0.088 (0.009--0.872)**0.037** Secondary14(10.1)124(89.9)138(39)0.113 (0.015--0.874)**0.036** University16(9.2)158(90.8)174(49.2)0.106 (0.014--0.81)**0.03**Income /Month No income17(8.6)180(91.4)197(55.6)1  ≤ 35,0005(10.6)42(89.4)47(13.3)1.237 (0.409--3.74)0.70  \> 35,00013(11.8)97(88.2)110(31.1)0.738 (0.255--2.135)0.57The significance of entries in boldface: significant *p* valueTable 3Association between obstetrical factors and urinary tract infectionCharacteristicsBacteriuria PositiveNegativeTotalOR (CI: 95%)PGestational age 1st Trimester5(6.9)67(93.1)72(20.3)1 2nd Trimester16(11.9)118(88.1)134(37.9)0.82 (0.43--1.57)0.55 3rd Trimester14(9.5)143(90.5)148(41.8)0.75 (0.40--1.42)0.37Parity Parity 017(11.9)126(88.1)143(40.4)1 Parity 18(9.2)79(90.8)87(24.6)0.797 (0.317--2.003)0.62 Parity 25(7.6)61(92.4)66(18.6)0.65 (0.22--1.919)0.43 Parity 32(5.4)35(94.6)37(10.5)0.486 (0.096--2.454)0.38 Parity 42(13.3)13(86.7)15(4.2)1.362 (0.238--7.783)0.72 Parity 51(20)4(80)5(1.4)2.207 (0.206--23.605)0.51 Parity 60(0.0)1(100)1(0.3)0.023 (0.001--129.25)0.99

The assessment of associated factors to bacteriuria showed that history of UTI (*p* = 0.035, OR = 2.183, CI = 1.055--4.518) was significantly associated with bacteriuria. High level of education was protective: primary level (*p* = 0.037; OR = 0.088; IC = 0.009--0.872) secondary level (*p* = 0.036; OR = 0.113; IC = 0.015--0.874) and university level (*p* = 0.03; OR = 0.106; IC = 0.014--0.81). Other factors were not statistically significant predictor of bacteriuria in pregnancy. However, women who had 4 or 5 pregnancies (OR = 1.362; CI = 0.238--7.783 and OR 2.207; CI = 0.206--23.605) and those who have low salaries (OR = 1.237; 95%CI = 0.409--3.740) tended to be more likely to have bacteriuria when compared to those who did not meet these criteria (Tables [2](#Tab2){ref-type="table"},[3](#Tab3){ref-type="table"},[4](#Tab4){ref-type="table"}).Table 4Association between medical and obstetrical past history and urinary tract infectionCharacteristicsBacteriuriaOR (IC:95%)PPositiveNegativeTotalSexuality  \< 3times/week32(10)287(90)319(90.1)  ≥ 3times/week3(8.6)32(91.4)35(9.9)0.834 (0.241--2.882)0.77Past history of UTI No21(8)243(92)264(74.6) Yes14(15.6)76(84.4)90(25.4)2.183 (1.055--4.518)**0.04**Past history of miscarriage No28(10.6)236(89.4)264(74.6) Yes7(7.8)83(92.2)90(25.4)1.09 (0.63--1.88)0.75Past history of Premature labor No34(9.9)307(90.1)341(96.3) Yes1(7.7)12(92.3)13(3.7)0.81 (0.101--6.491)0.84HIV^a^No34(10.1)301(89.9)335(94.6) Yes1(5.3)18(94.7)19(5.4)0.517 (0.067--4.021)0.52BMI^b^ Normal13(11.7)98(88.3)111(31.4)1 Overweigh11(8.6)117(91.4)128(36.2)0.709 (0.304--1.653)0.42 Stage 1obesity6(7.1)78(92.9)84(23.7)0.58 (0.211--1.596)0.29 Stage 2 obesity5(18.5)22(81.5)27(7.6)1.713 (0.553--5.306)0.35 Stage 3 obesity0(0)4(100)4(1.1)0.03 (0.006--0.1)0.97a: Human Immunodeficiency Virus; b: Body Mass IndexThe significance of entries in boldface: significant *p* value

Discussion {#Sec7}
==========

In this study, we report a prevalence of 9.9% of bacteriuria among the 354 pregnant women of the 3 hospitals in Douala. The statistically significant predictor of bacteriuria was past history of UTI. High level of education was protective. *E. coli* was the most commonly isolated pathogen.

The prevalence of bacteriuria in pregnant women of the 3 hospitals in Douala was 9.9%. This prevalence is lower than that reported by Mokube et al. in Cameroon (23.5%) \[[@CR10]\]. This may be due to the difference in the study population. Women with university level represent half of our study population and the quarter of theirs. Furthermore the study of Mukube et al. was carried out in a rural area while ours was conducted in an urban area. Some authors revealed that women who resided in rural areas were more likely to have ABU when compared to urban dwellers \[[@CR13]\]. This may be because of poor hygienic conditions and a lack of social amenities in rural areas. Our prevalence is also lower than that obtained by some other authors \[[@CR8], [@CR10], [@CR12], [@CR13], [@CR17]\]. In addition, we had a 5.7% prevalence of asymptomatic bacteriuria in our study population. Our value falls in the range of 2--10% reported elsewhere \[[@CR6], [@CR7], [@CR10], [@CR18]\]. Conversely, it is lower than that reported by other authors \[[@CR8], [@CR13], [@CR14], [@CR19]\]. Variation in studies may be due to differences in geographical location, socioeconomic status, setting of study (primary care, general hospital and community), sample size and variation in screening tests (cut-off point for the detection of pathogens).

The prevalence of cystitis was higher (3.6%) than that reported in the literature 1--2% \[[@CR2]\]. It is not easy to clearly defined signs of cystitis in pregnancy especially during the second and third term when pollakiuria and lower abdominal pains are frequent. Acute pyelonephritis was found in 0.6% which is within the range reported in other studies \[[@CR5]\]. Acute pyelonephritis is a severe form of UTI and can lead to maternal (anemia, renal failure and preeclampsia) or fetal (premature delivery) complications. Treating ABU reduces its frequency.

The age, marital status, HIV status, obesity, gestational age, parity and low monthly income did not have any statistical significant influence on bacteriuria in our study. However, level of immunosuppression in people living with HIV/AIDS has been found as a predictor of bacteriuria in pregnancy \[[@CR16]\].

High educational level was protective. Educational level attained may be an indicator of the socioeconomic status of the women. Lower levels of education and low socioeconomic status have been related to higher prevalence of ABU in others studies \[[@CR5], [@CR20]\]. Another predictor of bacteriuria in pregnancy identified in this study was past history of UTI. Other studies have report a similar result \[[@CR10], [@CR15], [@CR21], [@CR22]\]. It is known that some patients are more predisposed to urinary tract infection than others (genetic propensity and anatomical predisposition) \[[@CR23]\].

*E. coli* was the most predominant pathogen with an overall isolation rate of 48.6%. Comparable findings have been reported in Ethiopia (47.5%), Khartoum (42.4%), Iran (80%), Cameroon (33%), Nigeria (48%), Pakistan (70%), and India (60.1%) \[[@CR7], [@CR9]--[@CR11], [@CR16], [@CR21], [@CR22], [@CR24], [@CR25]\]. *Klebsiella pneumoniae* was the second most prevalent pathogen in this study with 14.3%. This finding was similar to that reported by other studies where *Klebsiella pneumoniae* was the second or third commonest pathogen \[[@CR11], [@CR16], [@CR17]\]. Some authors reported *Staphylococcus aureus* to be the most common pathogen \[[@CR13], [@CR19]\]; it accounts for the fourth cause of bacteriuria in our study. Variation in geographical location and uses of antibiotic can account for these differences.

Limits of study: This study is weakened by its hospital-based design, which may not be a true reflection of what is happening in the community. The antibiotic susceptibility of the bacteria isolated was not part of this study but we know that it is important for appropriate treatment of these women.

Conclusion {#Sec8}
==========

Bacteriuria was frequent in pregnant women but the prevalence was low when compared to some African studies. Asymptomatic bacteriuria is more common. Past history of UTI significantly influence the risk of bacteriuria in this study population. High level of education was protective. *E. coli* was the dominant uropathogen isolated among the pregnant women. Education and proper treatment of urinary tract infections should be provided to help reduce the occurrence of bacteriuria in order to prevent its severe complications. A community-based study in this subject matter is also recommended.
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